Theory and Application of Electrochemical Impedance Spectroscopy for Fuel Cell Characterization by Wagner, N. et al.
Theory and Application of Electrochemical Impedance 
Spectroscopy for Fuel Cell Characterization
Wagner N., Schiller G., Friedrich K.A.
 Deutsches Zentrum für Luft-
 
und Raumfahrt e.V. (DLR)
 Institut für Technische Thermodynamik





































































Characterization of Fuel Cells by Electrochemical Impedance 
Spectroscopy:
Determination of electrode structure and reactivity, separation 
of electrode structure from electrocatalytical
 
activity
Determination of electrochemical active surface (locally 
resolved)
Determination of reaction mechanism and separation of 
different overvoltage contributions to the fuel cell 
performance loss
Determination of degradation mechanism of electrodes, 
electrolyte and other fuel cell components (bipolar plates, end 
plates, sealings, etc.)
Determination of optimum operation condition (e.g. gas 
composition, temperature, partial pressure), cell design (flow 
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Hydrogen Oxidation Reaction (HOR): 
H2 =  RT/2F i/i*
Oxygen Reduction Reaction (ORR): 






d =  -
 









































Schematic representation of the different steps and their 
location during the electrochemical reactions as a function 
of distance from the electrode surface
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Bode representation of EIS measured at different current 




at 2 bar 
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V=597 mV; i=400 mAcm-2

 
V=497 mV; i=530 mAcm-2

 
V=397 mV; i=660 mAcm-2
+
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r = 3 
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Cylindrical homogeneous porous electrode model (H. Göhr)
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E=1024 mV; I=0 mA

 
E=841 mV; I=1025 mA

 
E=597 mV; I=9023 mA
+
 
E=317 mV; I=17510 mA
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Evaluation of EIS with the porous electrode model

























gas channels Capillary for gas chromatography
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OCV distribution of ASC at 800°C and simulated reformate 
















Bode Diagram of EIS, measured
 
at PEFC, 75°C, 0.5 Acm-2














1 3 10 100 1K 10K
O
 
1.5H; Air = 1.2; E = 644 mV
+
 
1.5H;  Air = 1.5; E = 675 mV
 
1.1H;  Air = 2;    E = 653 mV
 
1.5H;  Air = 2;    E = 654 mV 
active surface area 50 cm2
Impedance / m Phase / °
o
EIS on PEFC, 80°C, 5 A, cathode fed with different 
gas composition, λ=1.5, N111 IP CCM (Ion Power Inc.)   

















50% He+50% O2 5 A
50% N2+50% O2 5 A
Oxygen 5 A








50% He+50% O2 5 A




































O2 + 2 H2
 
O + 4 e-→ 4 OH-
Anode 




























































-700 mV to 450 mV vs. Hg/HgO
 
bei 
80°C in 10 M NaOH, O2













Vergleich Impedanzspektren, aufgenommen in 10 M 
NaOH bei 80°C, -700 mV vs. Hg/HgO
 
nach 60 Minuten















































at -700 mV, 1.2 µm membrane






















 3  5
1  2  
 20.17 s
 50.84 m
2  394 m
3  2.167 mF
 868.3 m 
4  763.4 m
5  1.779 mF
 1.007  
6  1  
 102.6 m
 0 
7  566.7 m
8  213.2 nH
Conclusion
Determination of the individual potential  losses during fuel cell 
operation
Determination of degradation mechanism and performance loss
Improvement of fuel cell performance and stability by 
understanding instead of trial and error 
Determination of critical
 
operation
 
conditions
 
of fuel
 
cells

